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ABSTRACT
The main purpose of this paper is to explore the behavioral factors underlying the choice
of technology alliances and understand how these factors might constrain or enhance a
firm's access to external sources of innovation in the data communications industry. The
set of past and present technology alliances is aggregated into the social capital of the
firm, indicating the extent to which the firm has access to external information and other
resources. The second purpose of the paper is therefore to assess the relative effects of
social capital and internal research capability on the technological performance of the
firm. This study draws upon quantitative and qualitative data from questionnaire survey,
interviews and public sources. Additional considerations, which may confound the
positive correlation between social capital and technological performance, are
incorporated in the analysis using instrumental-variables estimation technique. A panel
data set of 23 participating firms from 1991-1996 was established for the statistical
analysis. The findings suggest that besides industry forces, organizational biases held by
the management and the engineers of the firm have significant influence in establishing
technology alliances. Moreover, with whom and why alliances are formed can be
affected by past technological performance of potential partners, perceived leadership in
the industry, as well as interpersonal friendships arising from professional conferences.
Therefore, any substantive interpretation of the influence of social capital on
technological performance must be made with caution.
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1. Introduction
Our previous study argues that the frequency of alliances is indicative of the
amount of external information and other resources obtained by the firm (Soh & Roberts
1998a). Building upon this assumption, the set of past and present alliances of a firm is
aggregated into the social capital of the firm. Under the purview of social network
theory, the notion of social capital implies that by being "better connected" to other firms
in the same organizational field the firm can gain better access to its potential social
capital. We further show using pooled time-series analysis that the social capital of the
firm is positively correlated with the technological performance of the firm. However,
the correlation is weakened by the presence of unobserved firm effects. Nevertheless, the
field evidence alludes to the potential information benefits arising from interaction
between two partners.
The main purpose of this paper is therefore to explore the behavioral factors
underlying the choice of technology alliances and to understand how these factors might
constrain or enhance a firm's access to external sources of innovation. The second
purpose of the essay is to assess the relative effects of social capital and internal research
capability on technological performance. The strategic management literature argues that
internal research capability is a key determinant of firm effects in science and technology
driven industries (Dierickx and Cool 1989; Henderson and Cockburn 1994). Thus, the
extent to which firms are enhanced by developing internal research capability and
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learning through social capital have important managerial implications for the firms in
the data communications industry.
This study draws upon quantitative and qualitative data from questionnaire survey
and interviews. The same 50 sample firms from the second study were targeted for the
survey and interviews. A panel data set of 23 participating firms from 1991-1996 was
established for the statistical analysis. Additional considerations, which may confound
the positive correlation between social capital and technological performance, are
incorporated in the analysis using instrumental-variables estimation technique.
The paper begins in section 2 with a review of technology alliances in the data
communications industry based on facts from companies and industry reports. The
review explores the industry forces that drive technology alliances as a strategy for
acquiring external sources of innovation. Section 3 discusses the research design and the
choice of variables. Findings are presented and discussed in section 4. The essay
concludes in section 5 and suggested directions for future research are given in section 6.
2. Technology Alliances in the Data Communications Industry
The growth of the data communications industry is driven by increasing user
demand for internet and intranet activities which lead to more interconnectivity among
LANs and between LANs and WANs.' Competing firms in the market have responded
to this demand with greater adherence to open system standards, broadened product lines
for one-stop customer services, and shorter product development cycles. In its letter to
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shareholders, Cisco, the leader in the LANs/WANs connectivity market, describes that
"our strategy has been to support customers by giving them what they need to be
successful - either by developing capabilities internally or by achieving them through
alliances, equity investments, and acquisitions."2 An industry analyst reports in her
review of the industry leader, "If it had developed these products in-house, Cisco would
not be the market leader it is today."3
Are external sources of technologies for real? The Chairman and CEO of ADC
Telecommunications which is a leader in broadband access market is quoted in his letter
to shareholders, "[The Company] would continue on a pace of completing acquisitions,
joint ventures and strategic alliances at the rate of one per month. ... This consolidation
has allowed us to add key technologies that we intend to leverage across our various
businesses; to broaden our product offerings; to enter attractive new markets, and to
expand distribution channels. Each of our strategic acquisitions and alliances of the last
year is adding important capabilities to the [company product] family."4
The market structure of the industry is marked by the continuing growth of some
large established vendors with a competence base in multiple networking technologies
and smaller vendors who specialize in specific areas, and by the rising start-ups that bring
LANs stand for Local Area Networks and WANs for Wide Area Networks.
2 Cisco 1996 Annual Report. Cisco is the largest of the networking-only vendors in terms of annual
revenue and shipments. It became the first billion-dollar networking vendor in 1994 and its revenues
reached $4 b in 1996. Cisco claims that 80% of the Internet runs on its routers.
3 Kimberly Hiller, "Cisco Systems Vendor Strategy," Datapro Information Services Group, Delran, New
Jersey, August 1997.
4 ADC Telecommunications 1996 Annual Report.
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in the new ideas. 5 As opposed to other conventional science-driven and technology-
driven industries like pharmaceuticals and semiconductors where internal R&D has been
the key source of innovation, many successful networking vendors thrive in new product
development through not only in-house research but also alliances and acquisitions.
Besides incorporating external technologies into existing products, established vendors
are building extensive marketing and distribution networks jointly with other
competitors, an important complementary activity to commercialize their products. The
forces that have driven the structure of this emerging industry are evidently the necessity
for heterogeneous network environments to co-exist and to interoperate, and the
unlimited demand for greater bandwidth.
According to industry experts through personal interviews, successful innovations
in this industry can be in part attributed to the degree to which firms have understood the
concepts and features embodied in other competing products, even at the very early stage
of R&D process. On the one hand, standards-setting is a solution to interoperability. On
the other hand, standardization allows little room for product differentiation that is
important in market competition. Hence, knowing what competitors implement in their
new products and getting one's own products out the door before competitors can lead to
tremendous competitive advantage. Besides Cisco and ADC Telecommunications, other
leading firms in this industry have similarly claimed that technology alliances provide
important access to external technical knowledge. However, it is evident from our
5 Marina Smith, "LAN & Internetworking Strategic Analysis 1997," Datapro Information Services Group,
Delran, New Jersey, March 1997.
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conversations with several company executives that the performance impact of
technology alliances which operate through both sharing of internal information and
accessing diverse sources of external information remains a gray area to them.
While technology alliances provide firms with the opportunities to resolve
interoperability and at the same time assure the customers with one-stop solutions, with
whom alliances are formed does have an impact on product performance. According to
an engineer who conducts performance tests for networking equipment, he found out that
four competing products which achieved similar performance had incorporated the same
standard source code from one supplier that had not informed any of its clients about the
others.6 It is not surprising that many firms are skeptical over potential partners who
have worked with other competitors. One executive said that his company abolished its
agreement with a partner for fear that the partner would soon be acquired by a strong
competitor.
Preliminary interviews with several company executives and engineers in the
industry reveal that three common types of technological agreements are established.
The first is strategic alliances negotiated at the top management level, like chief executive
officers or chief technology officers. This form of alliances is a symbolic arrangement
that seldom involves explicit technical collaborations but is sufficiently influential in
motivating or discouraging the innovative activities of some other firms. For example,
6 Given that the four competing products are dependent upon the same supplier for interoperability, it is
possible that the supplier, who could be a potential competitor, can modify its own product features through
software algorithm in order to achieve certain purposes. In this regard, diversity of partnerships is
instrumental to diffusing own proprietary components and to obtaining better product performance.
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the interoperability agreement between Bay, IBM and 3Com in 1996 was widely seen as
a reaction to Cisco's acquisition of Stratacom, which gave Cisco access to WAN
technologies.7 Standards-setting forums which accelerate the formalization of standards
are another example of symbolic arrangement. The other two types of alliances are
initiated by engineering divisions for obtaining complementary technologies and by
interpersonal relationships in professional conferences for exploring new opportunities.
It is in fact these last two forms of alliances that facilitate the transfer of information. It
is interesting to note that the ADSL (Asymmetric Digital Subscriber Line) forum
specifically inform its world-wide-web readers of the following:
"The Forum is an association of competing companies. Therefore, the Forum
does not publish material that discusses line codes or basic modulation systems,
individual company products, comparative product performance, prices, market shares,
stock performance, or news items that cover events related to member companies.
However, many of our member companies do provide such information." 8
One executive actually described that more ideas are shared between partners in
technology alliances, among participants in professional meetings and forums, and
through personal contacts in this order. Information exchange commonly takes place
7 Caroline Jones, "Bay Networks Vendor Strategy," Datapro Information Services Group, Delran, New
Jersey, September 1997.
8 ADSL is a remote-access technology that improves data transmission over existing telephone lines. See
http:Hwww.adsl.com/.
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between personnel from individual partnering firms.9 In addition, geographical distance
does not pose any communication barrier for transfer of technical information since
people are moved to the partners' premises. An engineer from Intel recounted his
collaborative experience with HP, "Senior engineers managed the overall partnership but
3-4 junior engineers were moved to HP for a year. Occasionally, HP would visit Intel for
short duration." Another engineer mentioned that electronic mail was often used for
informal exchange unless the problems were critical, in which case formal meetings
between the partners would be initiated by the management.
Nevertheless, not all firms in this industry have employed technology alliances to
the same extent in leveraging new technological opportunities. In spite of the growing
demand for interoperability, the qualitative data in this study suggest organizational
biases do limit the use of technology alliances. Whether technology alliances are truly
complementary to internal development and beneficial to individual firms depends on
why, how and with whom alliances are formed. This study will shed light on these issues
with more empirical data from the firms in the industry.
9 Although von Hippel (1987) and Schrader (1991) found that informal information trading exist among
engineers from rival firms, the limited evidence here suggests that engineers in this industry seldom seek
help from their peers outside their companies. When a problem becomes complicated a team of engineers
will be formed to solve that problem internally.
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3. Research Methods
3.1 Questionnaire Survey and Interviews
Questionnaire survey and field interviews were conducted to gather both
quantitative and qualitative data from the industry. The same survey sample in the our
previous study was selected for the analysis here (Soh & Roberts 1998a). The sample
consists of 50 networking vendors ranked top by 1994 and 1995 revenues in the
LAN/WAN connectivity market.'0° 42 of them design and manufacture only networking
products whereas the other 8 are computer and telecommunications companies with
substantial interests in the data communications industry.
The questionnaires were targeted at chief technology officers and vice presidents
of engineering or R&D. The questionnaire survey was divided into two stages."t The
first-stage survey asked the firms to define technological leadership and to cite the top 3
technological leaders from 1991-1996 in the industry. In addition, the firms were asked
to identify their own innovations that have had significant impact in the industry each
year from 1991-1996. This survey was mailed out to all 50 firms in April, 1997. The
second-stage survey asked various questions related to technology alliances with which
the respondents had personally been involved. This survey was faxed in the end of June
of 1997 to the participating firms from the stage-one survey.
Depending on the preference of the company executives, three methods were used
to collect their responses, namely, mail, fax and telephone. The advantage of using
'0 NetworkWorld (December 30, 1996) ranked 250 firms in the data communications industry by revenues.
Appendix B lists the sampled and the participating firms in the study.
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telephone was that an interview could be pursued along with the questionnaire. Overall,
24 firms responded to the survey, representing a 48% response rate. 12 Of the three
methods of data collection, fax turned out to be the most popular and efficient way for 19
firms, telephone was used for 4 firms, and only one firm replied by mail. Most
executives who declined to participate claimed that they are too busy to consider such an
exercise and several others simply could not be reached by telephone even after leaving
many voice messages. As such, the sample may be biased towards firms that had higher
propensity to form technology alliances or firms that had performed well in the past few
years. Hence, the qualitative information from the participating firms must be used to
understand their selection bias of technology alliances. The entire survey process from
design to getting responses from the participating firms took a total of 6 months.
The survey distinguished technology alliances from business and standards-
setting alliances. Technology alliances are defined as joint activities involving the
transfer of technical knowledge between partners whereas business alliances refer to
marketing, distribution, product bundling, OEM and value-added reselling activities. As
for standards-setting alliances, the company executives whom we spoke to claimed that
the sole purpose of these alliances was to accelerate the formalization of standard
specifications. Only technology alliances are included in the study.
Interviews were conducted with both company executives and engineers in the
industry in two waves. The first wave of interview included some executives from the 50
9
1 Appendix A presents a sample cover letter and the two-stage questionnaire form.
sample, a few executives and engineers from non-sample firms like Sun, and several
others who are presently attending the MBA course at the Sloan School. Follow-up
interviews in the second wave were conducted with the survey respondents only. A total
of 22 company executives and 15 engineers were interviewed and 5 company visits in
Massachusetts were made. On average, personal interviews took about 40 minutes to an
hour and telephone interviews took about 30 minutes. Both telephone interviews and
electronic mail correspondence were arranged with respondents located outside
Massachusetts.
3.2 Statistical Analysis
The primary focus of the statistical analysis is to estimate the true effects of social
capital on technological performance after correcting for the endogeneity problem
between the two variables. The statistical method for such analysis is instrumental-
variables estimation like two-stage least squares (2SLS). 13 The analysis of technological
performance therefore consists of four sets of variables - those pertaining to social
capital, research capability, control variables, and predetermined variables for the
construction of instrumental variables.
Two hypotheses related to social capital and technological performance are: 1)
firms that access greater social capital through diversity of partnerships are likely to have
10
12 Appendix B lists the 24 participating firms. Given one incomplete questionnaire, only 23 firms are
included in the analysis.
13 See Pindyck and Rubinfeld, 1998, "Econometric Models and Economic Forecasts," Chapter 12, Boston,
MA: McGraw-Hill.
higher technological performance, 2) firms that access greater social capital through
diversity of partners with repeated transactions are likely to have higher technological
performance. After accounting for unobserved firm heterogeneity, the estimates of social
capital are expected to be positive and their effect size relative to internal research
capability's will be examined.
Technological performance. Getting products that customers want out the door
before competitors do is a product strategy of almost every vendor in the data
communications industry. However, not all early products encounter successful take off.
The difficulty lies in meeting customer demand for greater interoperability, lower costs,
and more reliable network management in data transmission. One measure of product
performance widely referred to by both vendors and customers is benchmarking test.'4
Trade publishers in this industry conduct benchmarking tests as well as opinion polling of
new products released throughout the year. Common performance metrics used in
benchmarking tests include performance of data transfer by packets per second, features
such as intelligent algorithms for load distributions across the network, price per port and
network management capability. Awards are conferred to the best products based on
stringent laboratory tests and user choice respectively. The results from both parties are
significantly correlated (see Table C-3 of Appendix C).
14 Microcom, a remote-access technology company recently acquired by Compaq in 1997, claimed in its
1996 annual report that, "This [technology] leadership is evident in the Company's long list of product
awards, technology patents, partnerships, and in the adoption of Microcom products by millions of
customer worldwide." The use of award versus patent data has been discussed in our previous study under
section 3.4 (Soh & Roberts 1998a). For publications of award data selected in the study refer to Table D-1
in Appendix D.
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Some company executives warned that getting awards are often part of a
"marketing game" to woo publishers by companies with advertising clout in the trade
press. However, most executives reckoned that if the award data can be obtained from
several publishers to randomize the marketing/advertising bias, the measure still works
better than other public data like patents. To further verify the validity of award data,
sample firms are asked in the questionnaires to name the first, second and third
technological leaders from 1991-1996 in the industry. The technological position for
each cited firm is a weighted average of the frequency the firm has been cited for the
respective rankings. This measure is also significantly correlated with the award data
(see Table C-3 of Appendix C).
In this study, the award data for the analysis are based on product test results only.
The technological performance of the firm is coded 1 if the firm obtained one or more
awards in the year of observation, and 0 otherwise.
Social capital. The social capital of the firm consists of past and present
technology alliances, representing the amount of external information and other resources
in the environment accrued to the firm. As discussed in our earlier working paper (Soh &
Roberts, 1998a), the extent to which a firm can gain access to its social capital is
contingent upon how diverse and closely the firm is connected to other firms in the social
network. Two measures of social capital are used. The first is closeness centrality and
the second is number of partners with repeated transactions.1 5
15 Closeness centrality is one of three common centrality measures used in social network analysis. See
Appendix E.
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Although the more central the firm is connected to the network the greater the
social capital is accessible, the degree of accessibility is limited by the prior history of
relationships among the firms. The limitation is largely manifested in the selection bias
of firms in finding new partners (Gulati 1995; Larson 1992; Podolny 1994; Uzzi 1997;
Walker, Kogut & Shan 1997). There is also an inherent preference for high performing
partners, including those who obtained awards. According to some executives, awarded
products not only attract new customers but also the support of other vendors. Another
potential source of bias may come from the high propensity of firms with awards to form
alliances.
Under these circumstances, the identification problem will confound any
substantive interpretation of social capital. To the extent that there is unobserved firm
heterogeneity, the uncontrolled heterogeneity will result in a positive effect of social
capital on technological performance. As such, we cannot uniquely attribute the effects
of social capital to diversity of partnerships. To correct for the endogeneity problem in
the relationship, instrumental variables which are correlated with social capital but
uncorrelated with the error terms can be used to estimate the true effects of social capital.
Three potential instrumental variables are included. First is the number of direct
partners with higher social capital. Second is the number of indirect partners with higher
social capital. Since the social capital of the firm is also dependent upon the social
capital available to its partners, both measures are functionally correlated with the firm's
social capital. However, the first measure is arguably correlated with technological
13
performance, hence reducing the information necessary for constructing a good
instrumental variable. On the other hand, the second measure is only indirectly
correlated with the firm's technological performance. The third variable is the number of
vendors in the same regional location as the firm. The social capital of the firm may be
influenced by the availability of other firms in the same regional location but these firms
are not correlated directly with the firm's performance. Given three potential
instrumental variables for the two measures of social capital, two-stage least squares
(2SLS) estimation is a possible technique for obtaining consistent and efficient
estimates. 16 Two models with three and the last two instrumental variables respectively
are considered in the analysis.
Research capability. Four measures of research capability are used. First, the
size of R&D as measured by total number of R&D engineers may imply the innovative
capacity of the firm. Interviews with company executives indicate that internal sources
of innovation come from good engineers. Second, the stock of innovations that have had
significant impact in the industry over time indicates the potential of a firm to produce
excellent products. Third, the amount of R&D investments represents the availability of
resources for R&D activities. Finally, the number of new engineers employed each year
suggests the degree of external ideas assimilated to existing knowledge base of the firm.
16 The first stage of 2SLS procedure involves the construction of valid instrumental variables based on a
weighted average of all exogenous variables (including the potential instrumental variables). The weights
are chosen to maximize the correlation between the new instrumental variable and the endogenous variable.
In this case, two valid instrumental variables are produced in the second-stage procedure for social capital.
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Control variables. Yet another source of unobserved firm heterogeneity is that
past occurrence of awards may in part determine the future occurrence of awards.
Heckman and Borjas (1980) argued that a lagged dependent variable can be used as a
partial control for unobserved heterogeneity (Heckman & Borjas 1980). Accordingly, the
two-year lag of award data is included as a control variable since a two-year period is
representative for many firms for their development of new and enhanced products.
Three additional control variables are used, namely, stock of acquisitions, firm
size, and number of years in business. Given that some vendors in this industry have
been acquiring other competitors in the market, the increase in assets may lead to better
technological performance. Stock of acquisitions is the cumulated number of
acquisitions from 1990. Firm size is measured by last year's sales revenues before
awards are conferred this year. Number of years in business since founding of the firm or
the networking business reflects the firm's knowledge of the industry. See Appendix A
in this essay for the list of participating firms with information on year of founding and
locations.
Equation and variables. The following is the model used for the statistical
analysis. Time-series data are obtained for each variable. Table 1 presents a summary of
all the variables described above. The descriptive statistics and the correlation matrix of
all variables are given in Tables 2 and 3 respectively.
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Model of Technological Performance:
A = ao + alA(-2) + a2CC t + a3RPt + a4RDSZ + asRDSTt + a6 RD_INV + a7NEWENGt + a8 ST_ACQ
+ agFSt + aloYBt + ,t
Table 1. Explanations and Predicted Signs of Variables
Variable Explanation . Predicted
Sign
Technological Performance
Awards A firm's technological performance is measured by whether it has Dependent
A obtained an award each year from 1991-1996. The award data were variable
collected from trade publications such as Data Communications and
Network Computing. 7
Social Capital
Diversity of Partnerships/ From the social network perspective, firms that are more central in the +
Closeness Centrality* network are also connected to a diversity of different partners, thus
CC gaining access to information and resources more efficiently. Closeness
centrality measures the relative closeness and distance among all firms in
the same network. Technology alliances established from base year 1989
until the year of observation, i.e. 1991-1996, were included in the
measure.
Number of Partners with RP is the number of technology partners with more than one agreement +
Repeated Transactions* established from base year 1989 until the year of observation, i.e. 1991-
RP 1996. Repeated transactions with the same partners are assumed to
facilitate transfer of reliable and thick information.
Research Capability
R&D Size In the survey, sample firms gave the total number of R&D engineers each +
RDSZ year from 1991-1996.
R&D Stock In the survey, sample firms self-reported their innovations that have had +
RD_ST significant impact in the industry each year from 1991-1996. The
cumulated number of innovations until the year of observation is a proxy
for the stock of knowledge.
R&D Investments The data for R&D investments in $millions each year from 1991-1996 +
RD_INV were obtained from Compustat.
Number of New Engineers The number of new engineers employed each year from 1991-1996 was +
NEW_ENG obtained by subtracting total number of R&D engineers last year from the
total this year. For all sample firms, the first year observation for this
variable is 0.
All alliance data were obtained from Lexis/Nexis and Dow Jones Wires in 1996 and 1997. Full text
descriptions were used to determine the nature of technology alliances versus business alliances.
17 For the list of publications selected in the study refer to Table D-1 in Appendix D.
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Table 1. Explanations and Predicted Signs of Variables (Continued)
Variable Name Explanation Predicted
Potential Instrumental
Variables (IVs)*
Number of Direct Partners A firm's social capital by closeness centrality is functionally correlated Not
with Higher Social Capital with the firm's direct partners with higher social capital. However, the Applicable
DP social capital of direct partners is arguably correlated with the firm's
technological performance. Hence, this is not a good instrumental
variable. Nevertheless, the inclusion of this variable is to illustrate the
difference in analysis with and without this particular variable. The data
were obtained by comparing the centrality measures of the firm and its
direct partners each year from 1991-1996.
Number of Indirect Partners A firm's social capital by closeness centrality is functionally correlated
with Higher Social Capital with the firm's indirect partners with higher social capital. However, the
IP social capital of indirect partners is uncorrelated with the firm's
technological performance. The data were obtained by comparing the
centrality measures of the firm and its indirect partners each year from
1991-1996.
Number of Firms in the The greater the number of vendors in the same state location the more
State Location likely that a firm will draw upon local social capital. The presence of
FST these vendors is not directly correlated with the firm's technological
performance. The list of vendors published in 1996 Data
Communications and NetworkWorld was used to identify the vendors'
locations. The number of firms in each location is assumed to be a
constant from 1991-1996.
Control Variables
Lagged Technological A two-year window for lagged technological performance. +
Performance A(-2)
Stock of Acquisitions Cumulated number of acquisitions made each year from 1991 to 1996. +
ST_ACQ
Firm Size Sales revenues in $millions each year from 1991-1996 were obtained +
FS from Compustat.
Years in Business The number of years in business since the founding of the firm or the +
YB division, whichever is relevant The data were obtained from various
trade publications and on-line information search.
*All IVs produced by 2SLS procedure are by construction positively correlated with social
correlated with technological performance.
capital but not
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4. Results
4.1 Survey Results
Before the statistical results are discussed, we first look at the data underlying the
analysis of technological performance. Tables 4 and 5 show the mean values of
technological performance (measured by awards) by social capital (measured by
closeness centrality) and research capability (measured by R&D size and R&D
investments). The values of social capital and research capability above the sample
means are considered as high, otherwise low. 18 The observations are based on pooled
time-series data across 23 firms from 1991-1996. Both tables suggest that firms with
high closeness centrality are more likely to have won one or more awards. The ANOVA
(analysis of variance) results below the tables indicate that the mean difference between
high and low closeness centrality is significantly different from zero at the 0.01 % and
0.07% statistical levels.
Table 4. The Means of Technical Excellence Awards
by Closeness Centrality and R&D Size, 1991-1996
R&D Size
Closeness Centrality High Low
High N=27 X=0.63 N=32 X=0.66
Low N=5 X=0.2 N=72 X=0.26
Note: N = number of firm-year observations; X = Mean level of award;
Total number of firms = 23.
ANOVA: Closeness centrality P > 0.0001; R&D Size P < 0.8503
18 Note that the means for social capital and research capability are taken from those for 50 instead of 23
firms in the network.
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Table 5. The Means of Technical Excellence Awards
by Closeness Centrality and R&D Investments, 1991-1996
R&D Investments
Closeness Centrality High Low
High N=26 X=0.62 N=30 X=0.60
Low N=2 X=0.50 N=47 X=0.47
Note: N = number of firm-year observations, X = Mean level of award;
Total number of firms = 23.
ANOVA: Closeness centrality P > 0.0007; R&D Investment P < 0.6787
Tables 4 and 5 also imply that firms with low research capability are less likely to
form alliances. Among the 19 firms that responded to the survey question of what factors
determine the choice between alliances and internal development, 16 ranked "expertise
not available in-house" and "external resources are superior" as the top reasons for
forming partnerships. Of those 16 firms, 12 have low R&D size but only 5 of which have
more alliances than the average among all 23 sample firms (i.e. high closeness centrality.)
Even with the potential need of external expertise, many firms with low R&D size have
apparently not found the opportunity to form more alliances in the past six years.
On the other hand, of all 23 sample firms only 6 have high R&D size, 5 of which
consistently have high closeness centrality and won one or more awards over the six
years. Of the 5 firms, 3 ranked "expertise not available in-house" and 2 ranked "superior
in-house expertise" as the primary factor for attracting new partnerships over internal
development. The exception is one firm which claimed the lack of in-house expertise as
the prime motive of alliances. This firm has made little attempt to form alliances and has
also not won an award in the past six years.
Similar observations and implications can be made in Table 5. It is conceivable
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that firms with high research capability also generally attract or can manage more new
partnerships. Perhaps among those firms with low research capability, only a few are
able to identify or attract the willing partners. And, when these firms did have more
alliances than their counterparts, they are more likely to have won an award. This
observation highlights yet another potential firm heterogeneity in that past occurrence of
awards determines the future outcome of winning awards. In the presence of any
unobserved firm heterogeneity, it is therefore not surprising to obtain a high correlation
between social capital and technological performance.
In fact, Table 6 shows that the correlation between closeness centrality and
awards is quite persistent over time, with 93% and 67% of the observations maintaining
High-Yes and Low-No positions respectively. Interestingly, the table indicates that
getting awards also does not necessarily attract more new partnerships nor does it
necessarily affect the future likelihood of winning awards. More specifically, only 13%
of the firms originally in Low-Yes position moved to High-Yes and exactly 50% moved
to Low-No.
Table 6. Variations of Closeness Centrality and Technical Excellence Awards, 1991-1996
Current Period Next Period
A. Closeness
Centrality High High Low Low Total
B. Awards Yes No Yes No
High Yes 26(93%) 2(7%) 0 0 28(25%)
High No 7(35%) 10(50%) 1(5%) 2(10%) 20(18%)
Low Yes 2(13%) 0 6(37%) 8(50%) 16(14%)
Low No 1(2%) 1(2%) 14(29%) 33(67%) 49(43%)
Total 37(33%) 13(10%) 21(19%) 43(38%) 113
Note: Gross Change = I -iPii = 0.34; Net Change = li pi+ - P+i 1/2 = 0.13
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Perhaps, the overall perception of which firms have excellent technologies, as
signaled by awards and other sources, has a greater impact on alliance formation in the
industry. In the survey, every respondent was asked to identify three technological
leaders in the industry and his/her company's recent technology partners. The weighted
average ranking of a firm cited by others and the firm's technological performance by
awards are indeed significantly correlated.' 9 Nonetheless, only 4 out of 23 respondents
named one of their own partners as a leader in the industry.2
All the above results confirm the existence of sources other than research
capability, awards and consensus of leadership as additional conditions of partnerships.
According to some executives, winning an award did generate many calls from potential
partners but very often their firms were unable to meet the requirements demanded by
these potential partners. One senior executive actually quantified that he made only 10%
of those deals arising from such calls. Another executive, however, claimed that past
experiences in alliances and referral information about potential partners are important
factors in forming new partnerships.
Among 19 company executives who responded to the survey question on which
settings provided the primary source for new partners, 12 ranked first "interpersonal
relationships" and 3 ranked first "prior alliance relationships." One firm ranked both
settings as equally important and the remainder 3 identified market analysis by internal
management or external consulting firms. Above all, professional conferences appear to
'9 Ranking of firms is given in Table C-2 of Appendix C.
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be a more important setting for finding new partners than colleges or former workplaces.
One executive actually referred to professional conferences as "a place where deals are
made."
Besides the economic considerations of forming alliances, whether engineers are
making new friends and striking new deals with old buddies in professional conferences
seems to be equally important. This factor is somewhat unrelated to the technological
performance of the firm indeed. Still, in-depth interviews with company executives and
engineers reveal more about the factors underlying the choice of technology alliances,
acquisitions, and internal development.
4.2 Interviews and Discussions with Company Executives and Engineers
From our discussions with company executives, we found explanations of why
their firms did or did not form alliances. Some representative accounts are quoted below.
"many of these [alliances] are based on one company or another wishing to bridge the
gap through cooperation with others, but never to fully rely on the partner for many reasons
including the ownership of the technology issue and the desire to include some trade or market
knowledge in the products while not sharing them with the partner."
Chief Technology Officer
"We would like to form more alliances but our potential partners have been very
demanding and we do not have sufficient capacity to cope with their requirements."
Vice President
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20 Owing to the time consideration in completing the entire survey, we did not ask for the motivations and
reasons specific to individual partnerships.
"I would also suggest that the quantity of alliances are indicative of the corporate culture
- that is, the willingness of a corporation to 'review' new thoughts and modes of operation, its
capacity to assimilate or gather information which would lead to the generation of a
discontinuous innovation. Please remember the NIH (not invented here) factor when evaluating
your results. It is my supposition that a company which has a high NIH factor would pursue very
few alliances, while a company that has a low one would pursue or be more open to partnerships
or alliances."
Senior Executive of Corporate Technology Office
"The founder of this company had a strong belief in doing everything important on our
own. This belief has since left an imprinted effect on our organizational culture that is so difficult
to overturn now."
Senior Engineer
Further discussions with individual participating firms actually reveal that the
decision to form technology alliances depends on the willingness of the management and
the engineers to cooperate with external parties. Accordingly, the organizational
perspective of technology strategy can be put into a simple framework as shown in Figure
1 below. From the management perspective, two primary factors affect management
decisions:
1. The ability of the firm to meet customers' demand on time.
2. The control of technologies in order to influence the direction of new
In
with high
technological development. One company executive added that "management
subjective opinions" and "bad experiences" are often embedded in such
decisions.
contrast, from the engineers' perspective, working on challenging new ideas
"visibility" are their ideal goals. According to one veteran engineer in the
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industry, "engineers like projects that allow them to contribute to the content, one where
they get to design it mostly from scratch. Engineers don't like to adapt existing products
to new platforms." Based upon their evaluations, the engineers can be either very
receptive (openness) or completely indifferent (complacency) to ideas generated from
outside the firm.
Figure 1. The Organizational Perspective of Technology Strategy 2'
MANAGEMENT
s)
Speed to market/
Willingness to share
Yes
Yes
ENGINEERS
No
Conditions:
(Management's view,
Ownership of the technology/
Leakage of proprietary information
No Conditions:
(Engineers' views)
Openness/
External firms
have dissimilar
technologies
Complacency/
External firms
have competing
Management Pride
OK /Information as
public good
Alliances/
Acquisitions/Internal
Development
Not Invented No Need
Here (NIH)
Alliances/Internal Internal Development
Development
YES - to collaborate with external, independent party
NO - not to collaborate with external, independent party
21 Thanks to Professors Tom Allen and Scott Stern for their useful suggestions in this figure.
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Where both management and engineers are in favor of external technologies
(upper left quadrant of Figure 1), the choice between acquisitions and alliances depends
on the net benefits. Although. technology alliances for specific technological
developments can be rather inflexible since the company does not have full control, they
are in general less costly and more flexible in the long term. Some companies are willing
to form partnerships even with their competitors if speed to market is the key concern and
the returns are great. As one executive described, "the greatest benefits of technology
alliances, if they work well, are sharing the costs, gaining more experiences from
engineering partnerships, and getting to the market earlier." Nevertheless, when the
potential partners are relatively new and small, acquisitions are more attractive than
alliances. The general manager of a networking division explained that they were
interested in acquiring both the R&D facility and the engineers.
In other cases management are obsessed with the control of new technologies
(upper right quadrant of Figure 1). They fear that their partners could become the
potential competitors. Equipped with the jointly developed technologies, these partners
may collaborate with or be acquired by the direct competitors. Under these
circumstances, acquisitions would prevent the potential leakage of knowledge
(information as public good). Interestingly, one firm has never considered acquisitions
nor alliances a feasible strategy and it resorts to internal development by hiring new
engineers. A senior engineer from the firm attributed the factor to the corporate culture,
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which has been so deeply influenced by the founder's belief that internal development is
the key to building research capability (management pride).
In the case of engineers being complacent with in-house technologies and
expertise, not-invented-here syndrome (NIH) is the biggest inhibiting factor in alliances
(lower left quadrant of Figure 1). According to a chief technology officer, the NIH
syndrome can also be a result of the management not listening to engineers who are
attempting to tell them that the company has an internal alternative. In this situation,
either the management or the engineers are dissatisfied with the choice of strategy. From
our understanding through interviews, some of those firms that encountered such
problems in the past have now engaged an entire new team of management executives or
R&D engineers.
Where projects have long-term competitive advantage or external sources are
simply not available, both management and engineers believe that internal development
is the only option (lower right quadrant of Figure 1). According to one executive
interviewed, these projects often involve the development of new and customized
products for the lead users in the industry. These new products will have the highest
average sales price per unit but the smallest sales volume among other products made by
the firm. In other cases certain technological developments are made proprietary in order
to differentiate the products from the competing ones.
While acquisitions and internal development mean full control over the
technologies, how do firms translate the benefits arising from technology alliances into
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their technological performance? Apparently, the management that recognize the
significant benefits from technology alliances have also involved their technological
gatekeepers in the partnerships.2 2 According to Allen (1977), technological gatekeepers
are engineers who are technically competent and excellent in communicating technical
information inside their organizations. They also serve as excellent agents for acquiring
and integrating external knowledge into their organizations. Many executives claimed
that external sources of innovation through alliances are very important, without which
their firms cannot achieve any assurance for successful implementation of their products
in the market and will fall behind the technology race.23 Some representative accounts of
alliance benefits are quoted below.
"Our recent technology partnership with an internet service provider was not very
successful. However, our engineers have gained insights into the partner's market, in particular,
the supplier relations in that market segment. I personally consider any forms of relationships,
including those of personal relationships, to be very important in our business. I know I could
always call on those people that I have known from previous relationships. Never burn your
bridges is the key. "
Senior Vice President
"We would even consider forming technology alliances with our competitors as long as
there is something significant for both parties to gain by exchanging skills and technologies."
Vice President
"... the greatest benefit in this industry and most others is what you labeled the social
relationships. I call them professional (or intellectual) friendships. One idea triggers another."
Chief Technology Officer
22 Thanks to Professor Tom Allen for pointing out the subtle way to finding out about technological
gatekeepers. First, we asked the company executives to identify the engineers who fit the characteristics of
technological gatekeepers. Then, we asked how frequent were these technological gatekeepers, relative to
other engineers, involved in alliances.
23 These claims are also widely made in company annual reports and letters to shareholders by Chairmen.
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Above all, the use of technology alliances has other managerial implications.
With whom and why alliances are made may imply the extent to which the firm is
dependent upon external sources for innovation, hence leading to a simultaneous decrease
or increase of internal research capability. However, such evaluation is difficult to
quantify if the effects of merely achieving diversity of partnerships relative to the amount
of internal research efforts on the technological performance of the firm are not
understood. As implied in Tables 4 and 5, the assertion that increasing R&D size and
R&D investments do not necessarily lead to better technological performance is
somewhat troubling for many company executives in the industry. Moreover, the survey
shows that "good engineers" are more important than alliances and acquisitions as a
determinant of technological performance.2 4 It appears that the identification problem
lies in the difficulty in quantifying the benefits of alliances and acquisitions, which are
often complicated by the numerous unobserved firm effects. The final analysis in the
study therefore attempts to resolve this issue using statistical methods.
4.3 Statistical Results
Tables 7 and 8 present the regressions and the elasticity of coefficient estimates
respectively. As a basis of comparison, and to determine the importance of unobserved
firm effects, the analysis of technological performance is estimated in four separate
models. Model 1 shows technological performance regressed on social capital, research
24 See Table C- 1 in Appendix C for the list of contributing factors to technological performance cited by
participating firms.
29
Table 7. The Relationships between Social Capital and Technological Performance,
1991-1996: Using Ordinary Least Squares (OLS) and Two-stage Least Squares
Estimation (2SLS)
Method OLS OLS 2SLS 2SLS
3 Vs 2 IVs
Yearly Award 1 2 3 4
Two-year Lagged Award 0.080 -0.129 -0.121
(0.142) (0.395) (0.390)
Social Capital by 0.003 0.006 0.016** 0.013 +
Closeness Centrality (0.003) (0.004) (0.007) (0.007)
Social Capital by No. of Partners 0.097*** 0.035 0.149 0.156
with Repeated Transactions (0.035) (0.048) (0.145) (0.191)
R&D Investments ($b) 0.218* 0.287* 0.277* 0.285*
(0.116) (0.152) (0.156) (0.152)
R&D Size by 0.012 0.007 -0.005 -0.004
No. of Engineers (hundred) (0.016) (0.020) (0.040) (0.040)
No. of New Engineers -0.011 -0.016
(hundred) (0.073) (0.094)
R&D Stock by 0.018 0.016
No. of Innovations (0.024) (0.026)
Stock of Acquisitions 0.028 0.074
(0.048) (0.060)
Sales Revenues ($b) -0.017** -0.015 -0.024** -0.024**
(0.007) (0.010) (0.010) (0.010)
Years in Business -0.009 -0.005 -0.003 -0.004
(0.006) (0.007) (0.008) (0.008)
Constant 0.206 0.018 -0.316 -0.207
(0.151) (0.200) (0.279) (0.314)
No. of observations 95 69 70 70
No. of firms 23 23 23 23
R-squared 0.374 0.440
Adj. R-squared 0.308 0.344
F- value 5.64*** 4.56*** 5.28*** 5.10***
+ p = 0.1, * p < 0.1, ** p < 0.05, *** p < 0.01, (.) Standard errors in parentheses.
# IVs are instrumental variables. In Model 4, the number of direct partners with higher social capital is
omitted.
R-squared value for 2SLS cannot be interpreted as ordinary R-squared, hence it is not reported.
capability, and control variables using ordinary least squares (OLS) technique. Model 2
added a two-year lag of award as a control for serial correlation in OLS regression.
Models 3 and 4 employed three and two instrumental variables respectively to illustrate
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the difference in results after correcting the endogeneity problem between social capital
and technological performance.
Model 1 shows that only social capital by number of partners with repeated
transactions is significant at the 1% statistical level. However, it becomes non significant
after controlling for lagged award in Model 2. This result may be due to the decrease in
the number of observations from 95 to 69. On the other hand, research capability by
R&D investments is significant at the 10% statistical level in both Models 1 and 2.
Finally, three other research capability variables as well as the stock of acquisitions are
not statistically significant. These results imply the inherent problem in aggregating
measures for overall research capability at the firm level.
Under 2SLS regression all other estimates should be consistent and efficient if the
instrumental variables are valid. In Model 3, social capital by closeness centrality
becomes statistically significant at the 5% level whereas the second measure of social
capital is not. This result is not surprising since further investigation finds that the first
measure of social capital achieved a better fit in the first-stage of 2SLS regression. In
Model 4, the instrumental variable "number of direct partners with higher social capital"
has been omitted, resulting in higher standard error for social capital by closeness
centrality. (The statistical output in fact shows that the coefficient estimate is significant
exactly at the 0.10 statistical level.) The difference is due to the loss of information in
estimating the instrumental variable for this measure of social capital. Therefore, the
2SLS analysis can be improved by finding better instrumental variables for both
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measures of social capital.2 5
In contrast, the estimates of R&D investments remain robust at the 10% statistical
level in both Models 3 and 4, confirming the importance of research capability. The
control variable "sales revenues" is statistically significant at the 5% level but negatively
correlated with technological performance. A potential explanation is that increasing
attention on existing technologies offsets a firm's ability in exploring new technological
opportunities. Finally, Table 8 presents the elasticity of the coefficient estimates for all
models. Models 3 and 4 imply that social capital by closeness centrality increases the
likelihood of a firm in winning awards by more than two times relative to research
capability by R&D investments.
Table 8. The Relationships between Social Capital and Technological Performance,
1991-1996: Elasticity of Coefficient Estimates Evaluated at Sample Means
Method OLS OLS 2SLS 2SLS
3 IVs 2 IVs
Yearly T.E. Award 1 2 3 4
Two-year Lagged Award 0.063 -0.101 -0.095
Social Capital by Closeness Centrality 0.268 0.537 1.432** 1.163+
Social Capital by No. of Partners 0.322*** 0.116 0.494 0.517
with Repeated Transactions
R&D Investments ($b) 0.392* 0.516* 0.498* 0.513*
R&D Size by No. of Engineers (hundred) 0.091 0.053 -0.038 -0.030
No. of New Engineers (hundred) -0.013 -0.019
R&D Stock by No. of Innovations 0.097 0.087
Stock of Acquisitions 0.047 0.125
Sales Revenues ($b) -0.432** -0.381 -0.610** -0.610**
Years in Business -0.332 -0.184 -0.111 -0.147
+ p = 0.1, * p < 0.1, ** p < 0.05, *** p < 0.01, (.) Standard errors in parentheses.
25 Another observation made while performing the various analyses is that Models 3 and 4 are particularly
sensitive to the inclusion of lagged award.
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5. Discussion and Conclusions
Using questionnaire survey and personal interviews, the study found that besides
industry forces, organizational biases held by the management and the engineers of the
firm have significant impact in establishing technology alliances. Moreover, with whom
and why alliances are formed can be influenced by past technological performance,
perception of leadership, research capability, and most of all, interpersonal relationships.
Therefore, any substantive interpretation of the effect of social capital on technological
performance must be made with caution.
Based on the statistical results of 2SLS estimation with two instrumental
variables, the effect of social capital through diversity of partnerships on technological
performance is significant at the 10% statistical level but such result may be due to
rounding errors. Although the second study of this dissertation found that the effect of
social capital through repeated transactions is more important, the effect of this variable
here is less significant. These findings suggest that better instrumental variables must be
sought to improve the statistical analysis. Other results highlight the significant impact of
research capability by R&D investments on the technological performance of the firm.
While research capability is an important determinant of technological performance, the
qualitative evidence in the study also implies the potential impact of social capital in
establishing technological leadership in the data communications industry.
The findings here also raise several important implications for the management of
internal and external sources of innovation. Evidently not all firms in this industry face
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similar trade-offs in pursuing internal development, technology alliances and
acquisitions. According to some company executives, instead of pursuing new projects
alone, the benefits of firms utilizing the "leverage" strategy to "lock in" certain other
firms are developing better interoperable products and shortening product development
time. Such strategy through leveraging new platform technologies across multiple
internal projects is found to have improved a firm's sales performance as well as project
lead time in the automobile industry (Nobeoka & Cusumano 1995; Nobeoka &
Cusumano 1997). However, to manage multiproject strategy successfully requires
planned efforts for coordination and communications between the teams of engineers.
Although the scale of joint project development with each partner is relatively smaller
than that of internal development of product platforms, the fact that the firm is managing
a diversity of partnerships will have organizational and financial trade-offs between
internal and external project developments.
Besides these trade-offs, the potential conflicts between the management and the
engineers in their perspectives of alternative strategies towards acquiring internal versus
external technical knowledge are delicate issues to deal with. According to several
executives and engineers, resistance to change and to cooperation and refusal to listen
were some of the noted problems when these issues are not resolved internally. Two
extreme accounts were in fact presented by two executives about the adamant behavior of
both the management and the engineers:
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"[the management] don't listen carefully, they don't attempt to gain in depth
understanding of the subject nor analyze each situation on its own, and they go off in haste and
impatience basing decisions on less than complete information, their own selfish biases or their
past (most of the time) irrelevant experiences. Clearly there are some who are exactly the
opposite of that, and those are the ones that consummate successful relations and lead successful
companies."
Chief Technology Office
"The company is rather insulated, and not well connected. The engineers don't interact
with the "real world". When it comes to sources of innovations, on a scale from 1 to 10, 8 is
internal and only 2 is external."
Senior Vice President
Another important implication is whether social capital can be a sustaining source
of competitive advantage. Existing studies have informed us that a firm's ability to
access and integrate external knowledge is critical in the pharmaceutical and
biotechnology industries (Arora & Gambardella 1994; Henderson & Cockburn 1994). As
a matter of fact, the final responses of two company executives as to what make their
companies different from the leading firms in the industry provide excellent clues.
"We were just like Cisco 6 years ago. Unfortunately, we did not seek out the right
partners which we should have."
Vice President of Business Development
"We could have been Novell today. The past management had turned down many
potential partnerships because they were stuck in the old technological paradigm."
Senior Vice President of Engineering
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Based the opinions of these and other executives interviewed during the course of
the study, I cannot reject the potential impact of social capital on the technological
performance of the firm. I posit that the social-capital view of the firm is complementary
to the resource-based view of the firm as explained in Barney (1991), Peteraf (1993), and
Wernerfelt (1984). Depending upon the context of industries, an empirical study which
incorrectly incorporates one or the other perspective may distort the substantive
interpretation of sources of firm competence. Individual firms are in part differentiated
by what they learn through their own social capital. Even though the technical outcomes
of individual partnerships may not meet the initial expectations, we cannot disregard the
fact that engineers from rival firms have traded information and knowledge which has
economic implications on emerging technologies.
Although learning through social capital creates value to the firm, with whom
alliances are made may lead to different consequences to the firm. Where learning and
sharing of new ideas is the objective of alliances, firms collaborating with competitors or
with partners who have ties with the competitors are particularly susceptible to
unintended loss of competitive information (Hamel 1991; Dutta & Weiss 1997).
Occasions like this have been noted in the interviews but some executives felt that
information trading really is a trait in this industry business. It is therefore a firm's
responsibility to protect itself from being "hollowed out" while trading information with
their partners (Lei & Slocum 1992). An executive cautioned that firms should not "spill
all their beans".
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The contribution of the study is twofold. First, the findings illustrate both the
economic and behavioral factors underlying the choice of technology strategy. While
economic motives are necessary to keep partnerships attractive, collaborating with
competitors also requires the competence to manage people, information and tasks
between and within firms. The empirical implications add to the existing theoretical
literature which explores the determinants and the success factors of alternative
governance structures, including industry and market conditions, transaction costs,
legitimacy, and reciprocity (Borys & Jemison 1989; Chi 1994; Harrigan 1988; Oliver
1990; Roberts & Berry 1985; Teece 1986).
Second, the study extends the social network approach towards understanding the
performance implications of horizontal collaboration among competitors. Within the
context whereby spillover of information is critical to the creation of new products,
variation in external information access is a potential source of firm difference in market
competition. The analysis here also offers an empirical notion of social embeddedness, a
sociological concept which implies that economic action is situated in on-going
networking relationships (Granovetter & Swedberg 1992).
A limitation of the study is that the motives and benefits of individual
partnerships have been ignored. A diversity of partnerships is aggregated without the
scrutiny of specific technological developments. Most of all, the social mechanisms
which foster the coordination of alliances are overly simplified under the account of
repeated transactions (Larson 1992; Powell 1990; Saxenian 1991; Van de Ven & Walker
37
1984). However, the benefits of cumulated alliances are difficult to quantify without the
detailed knowledge of past alliances. Such knowledge is often embedded in individual
organizational members who have been involved in alliances. Moreover, the turnover
rate for engineers as well as managers in this industry is considerably high so that only
the most recent partnerships can be examined. Therefore, an attempt to define the fine-
grain of social capital might prove to be empirically problematic. A research method
which may rectify the problem is to conduct in-depth case studies at individual firms.
Another limitation of the study is that the research capability of the firm ought to
reflect the structure by which the firm manages its internal flows of information. The
literature of R&D management has argued that the organizational and the architectural
structures, as well as the management of R&D have significant influences on
communications and problem solving (Allen 1977; Allen 1986; Katz & Allen 1985). The
measures of research capability by number of engineers and amount of R&D investments
have thus reduced much variation of research structure across firms. It may well be that
the extent to which the firm has successfully integrated external knowledge is contingent
upon its management of internal coordination. As such, the understanding of
coordination activities within and between firms can shed new light on the analysis of
social capital versus research capability.
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6. Directions for Future Research
Besides improving upon the present study with better understanding and measures
of social capital and research capability in the data communications industry, the view of
social capital affecting technological performance of the firm raises several important
questions for future research. As implied in our previous study, firms which are inclined
to form alliances with other members of the industry network also tend to acquire non-
members of the network (Soh & Roberts 1998b). An obvious question is are there
differences between the types of technologies obtained from acquisitions and alliances
respectively? Or, are non-member firms basically more susceptible to being acquired
because of the lack of social capital?2 6 Since the first study suggest that many non-
member firms are possibly young start-ups which also lack the financial capital to grow,
why is acquisitions a more common option than alliances for these firms?
There are two possible explanations from the literature of strategic management
of technology. The first is that established firms anticipate the impact of new
technologies from new entrants since they can potentially destroy the incumbents'
competencies and markets (Abernathy & Clark 1985; Christensen & Rosenbloom 1995;
Henderson & Clark 1990; Tushman & Anderson 1986). Another explanation is that
dealing with the complexity of interoperability across multiple networking platforms
requires extensive technical and market knowledge, which is beyond the specialization of
new entrants. Even if the entrants' technologies are protected by patents, their
26 We found that out of 160 acquisitions in the industry 142 non-member firms were acquired (Soh &
Roberts 1998b).
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appropriability is weak as long as the necessary complementary assets are not accessible
(Teece. 1986). Both explanations support that acquisitions may be a complementary
solution for both incumbents and new entrants in the data communications industry.
It is also clear that the consolidation through acquisitions in the industry will
continue to take place for other reasons. As a matter of fact, a senior executive of a large
networking firm complained that his good engineers have been lured by venture
capitalists to form new firms. Many of these entrepreneurs have eventually made
millions of dollars after they sold their companies. Some even sold their companies
before releasing the first product. Given the low-risks and high-returns profile of new
entrants, this phenomenon has since set the trend for many young and bright engineers to
make their first million. 27 Above all, the trend of acquisitions is reinforced by the
incumbents who believe that "if you do not control the new technologies, your
competitors will."
On the other hand, the sociological theory posits that a firm cannot maintain its
stability in the social structure without forming new relations and renewing existing
relations (Coleman 1990). If social capital is an important source that sustains the
competitive positions of the incumbents, can new entrants also grow by forming
partnerships with these incumbents progressively? What are the potential implications
for technological evolution in this industry if the number of technology alliances and
acquisitions continue to increase at the current rate? These questions are important
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because some executives have raised their doubts on the innovativeness of new entrant
technologies. Acquisitions can be a costly strategy if these innovations fail. More
empirical research on both acquisitions and alliances will therefore enlighten us on the
above questions. However, given that the industry is still bewildered by rapidly
emerging technologies and standards, any theoretical attempt to map the evolutionary
dynamics can only be speculative.
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2 7 Apparently, even the world-renowned Department of Electrical Engineering and Computer Science at
M.I.T. has failed to attract Assistant Professors in data communications and networking since about six
years ago.
Appendix A. Sample Letter & Questionnaire Survey
April 15, 1997
Joe Smith
Chief Technology Office
Network Products Division
ABC Corp.
Dear Mr. Smith:
I am writing to invite ABC to collaborate with us in the study of technology
alliances in the LAN/WAN connectivity industry, sponsored by the M.I.T.
International Center for Research on the Management of Technology.
While most firms in the industry use strategic alliances to acquire external
resources as one critical success factor in innovation, there are pressing concerns
yet to be examined. Have companies become too dependent on external
resources, thus losing control over the competitive advantage of emerging
innovations? What guidelines should firms follow in choosing alliance partners?
With intensive analysis of firm data provided by you and your competitors, we
are confident that a detailed report of the results will enlighten you on these and
other key issues.
The aim of the study is to understand the relative contributions of prior alliance
relations versus internal resources in generating emerging LAN/WAN
innovations at the firm level. All firm-specific data will be treated as highly
confidential and all company and personnel identities will be kept anonymous.
Two methods are utilized in the study.
1. Statistical Methodology. A longitudinal analysis is used to examine the effects
of prior alliance relations and internal resources on innovations. Some
hypotheses are tested to understand varied innovation outcomes across firms.
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2. Two-stage Questionnaire Survey. The stage-one survey investigates
technology leadership and emerging innovations in the LAN/WAN industry. The
later stage-two survey investigates attributes of past alliances and firm resources.
The survey data are critical to the statistical analyses mentioned above.
ABC is one of the 50 companies, the highest producers in revenue in the U.S.
LAN/WAN connectivity industry, to be included in the study. We should deeply
appreciate your participation in the two-stage questionnaire survey. Each stage
requires a total of about 30 minutes to complete. We have attached a copy of the
stage-one survey for you. We will mail our stage-two survey to you after results
of the first survey have been obtained from the LAN/WAN industry. We would
like you to designate a senior executive of Engineering or R&D from your
company to complete the stage-one survey. Of course, we should be delighted if
you personally are willing and able to be our respondent on any of these issues.
My research assistant, Ms. Pek-Hooi Soh, will contact your office in about a
week to discuss the proposal and to get the name of the designated individual
whom she will then call directly. In the meantime, please feel free to call me with
any questions. I sincerely hope you will agree to ABC's participation in this
study.
Thank you in advance.
Very truly yours,
Edward B. Roberts
Chairman, M.I.T. Management of Technology and Innovation Group
Co-chair, M.I.T. International Center for Research on the Management of
Technology
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CONFIDENTIAL SURVEY
1. This survey is being conducted by the M.I.T. Sloan School of Management and
sponsored by the M.I.T. International Center for Research on the Management of
Technology (ICRMOT). We seek to understand the effects of prior technology
alliances and internal competencies on emerging innovations in the data
communications industry.
2. We deeply appreciate your help in answering this survey. It will take
approximately 20 minutes to complete by telephone. If it is preferred that the
survey be completed at your own convenient time, please fax the completed survey
to the attention of Pek Soh at (617) 253-2660.
3. Responses to this questionnaire will be kept in the strictest confidence. Under
no condition will any information or results of analyses specific to individual
firms be released. The identities of companies as well as respondents will be
kept anonymous in all of our publications.
4. Professor Edward B. Roberts, Co-chair of M.I.T. ICRMOT, is the principal
investigator of this project. He can be contacted by telephone at (617) 253-4934 or
fax at (617) 253-2660.
5. Pek-Hooi Soh, a doctoral candidate in the Management of Technology program at
the Sloan School, will be conducting the survey through fax or email.
Pek-Hooi Soh
Sloan School of Management
MIT, Building E52-502
Memorial Drive
Cambridge, MA 02139 USA
Phone: (617) 253-3847
Fax: (617) 253-2660
Email: phsoh@mit.edu
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DEFINITIONS
The Data Communications Industry
This study looks at some top 30 U.S. producers by sales revenues in the data
communications industry. The objectives of the selected hardware and/or software
producers are to provide complete or part of enterprise networking solutions to their
customers. Most top providers are manufacturers of components critical to the
infrastructure of inter-networking. Excluded from the study are producers whose
primary activities are classified under general application software, cabling, wireless
communications, telecommunications equipment and services.
Strategic Alliances
We include as "strategic alliances" any formal agreements established in the U.S.
between your company and other firm(s) in the industry to complement your internal
efforts in the process of developing and introducing new products, including design,
manufacturing, interoperability testing, system integration, technical support and
maintenance, marketing, distribution, product bundling, OEM, value-added reselling
and consulting services. Each agreement may include one or more of the above-stated
activities. Formal agreements can be implemented in the form of R&D contracts, joint
ventures, licensing, minority interest investments, or a combination of the above.
Mergers and acquisitions are not included here as equity strategic alliances but are
treated separately in the study.
Our research study differentiates between two types of alliances: technology alliances
and business alliances. Technology alliances basically entail activities involving
transfer of technical knowledge across firms. Examples of such activities are
engineering research and product development, manufacturing, testing and systems
integration. Technology licensing agreements alone and standards-setting alliances are
not considered as technology alliances. On the other hand, business alliances refer to
product bundling, marketing, distribution, OEM and value-added reselling activities.
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SECTION A: Technology Leadership
Q1. Please identify the three firms in the data communications industry, possibly
including your own firm, which in your opinion have consistently been the technology
leaders (but not necessarily market leaders) over the last 3 to 6 years.
Company Name
(top-down order)
a.
b.
c.
Is this firm your direct competitor in the industry?
Yes [ ]
Yes [ ]
Yes [ ]
No [ ]
No [ ]
No []
Q2. Please describe briefly the most important characteristics of the
leaders you have identified above.
technology
Q3. How do you rate your firm with respect to the top technology leader identified in
Ql a. above using the scale below?
1. Compared to the technology leader, your firm is creating about as many
technologically excellent innovations
4. Compared to the technology leader, your firm is
technologically excellent innovations
7. Compared to the technology leader, your firm is
technologically excellent innovations
1 2 3 4
About as many Half as many
creating about half as many
creating relatively few
5 6 7
Relatively few
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SECTION A: Technology Leadership
Q4. What key factors contributed to the degree of technical success your firm has
obtained? Please describe very briefly.
Q5. How many engineers are involved in R&D for networking products only in your
company? Please provide an approximate number for each specific year.
Year Number of engineers
1996
1995
1994
1993
1992
1991
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CONFIDENTIAL SURVEY
1. This survey is being conducted by the M.I.T. Sloan School of Management and
sponsored by the M.I.T. International Center for Research on the Management of
Technology (ICRMOT). We seek to understand the effects of prior technology
alliances and internal competencies on emerging innovations in the data
communications industry.
2. We deeply appreciate your help in answering this survey. It will take approximately
20 minutes to complete by telephone. If it is preferred that the survey be completed
at your own convenient time, please fax the completed survey to the attention of Pek
Soh at (617) 253-2660.
3. Responses to this questionnaire will be kept in the strictest confidence. Under
no condition will any information or results of analyses specific to individual
firms be released. The identities of companies as well as respondents will be
kept anonymous in all of our publications.
4. Professor Edward B. Roberts, Co-chair of M.I.T. ICRMOT, is the principal
investigator of this project. He can be contacted by telephone at (617) 253-4934 or
fax at (617) 253-2660.
5. Pek-Hooi Soh, a doctoral candidate in the Management of Technology program at
the Sloan School, will be conducting the survey through fax or email.
Pek-Hooi Soh
Sloan School of Management
MIT, Building E52-502
Memorial Drive
Cambridge, MA 02139 USA
Phone: (617) 253-3847
Fax: (617) 253-2660
Email: phsoh@mit.edu
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DEFINITIONS
The Data Communications Industry
This study looks at some top 30 U.S. producers by sales revenues in the data
communications industry. The objectives of the selected hardware and/or software
producers are to provide complete or part of enterprise networking solutions to their
customers. Most top providers are manufacturers of components critical to the
infrastructure of inter-networking. Excluded from the study are producers whose
primary activities are classified under general application software, cabling, wireless
communications, telecommunications equipment and services.
Strategic Alliances
We include as "strategic alliances" any formal agreements established in the U.S.
between your company and other firm(s) in the industry to complement your internal
efforts in the process of developing and introducing new products, including design,
manufacturing, interoperability testing, system integration, technical support and
maintenance, marketing, distribution, product bundling, OEM, value-added reselling
and consulting services. Each agreement may include one or more of the above-stated
activities. Formal agreements can be implemented in the form of R&D contracts, joint
ventures, licensing, minority interest investments, or a combination of the above.
Mergers and acquisitions are not included here as equity strategic alliances but are
treated separately in the study.
Our research study differentiates between two types of alliances: technology alliances
and business alliances. Technology alliances basically entail activities involving
transfer of technical knowledge across firms. Examples of such activities are
engineering research and product development, manufacturing, testing and systems
integration. Technology licensing agreements alone and standards-setting alliances are
not considered as technology alliances. On the other hand, business alliances refer to
product bundling, marketing, distribution, OEM and value-added reselling activities.
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Section C: Strategic Alliances
IMPORTANT NOTE: Please answer all the following questions, Q1-Q6, specific to
those alliances that you have had involved.
Q1. If possible, identify the partners that have assisted in the process of those innovations
given in the previous section. Please answer questions a, b and c specific to each partner.
For Qb, S - Supplier, C - Customer, D- Distributor/OEM/VAR, T - Technical service and
support.
Table 1. Attributes Specific to Past Alliance Partners
Specify the No. Qa. Please rate the Qb. Please specify the types of Qc. What types of information
name of your importance of this partner's relations other than acquired from this company
Alliance overall contribution to your technology alliances with this are valuable to your firm?
Partner firm in the past. partner in the past and/or
present, if any.
Very Marginally Not S C D T Tech. Market Project None
Important mgmt
4 O a_ O o Q Q , , o O
3 o o o o o o , o o o o5 O O O O O O O O O O Oi i i i i 2i i i i i i ii3 3 C 1 C 
Q2. Are those alliances in which you have
alliances formed by your company?
Yes [ ] No
been involved a good representation of most
[]
If No, please comment.
Q3. Which of the following settings provided sources of information for identifying new
partners? Please check all that apply and rank them from 1 to n, where 1 is most important.
a. Inter-personal relationships arising from settings other than prior alliances
b. Repeated relationships with present alliance partners
c. Referrals to potential partners by previous or present alliance partners
d. Market analysis by consulting firms
e. Geographical proximity
Check
[]
[]
[]
[]
[]
Rank
If a, please specify where: last employment professional conferences
standards meeting college _ others
If NONE of all the above, please specify
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Section C: Strategic Alliances
Q4. What are the benefits your company sought from technology alliances? Please check
all that apply and rank them from 1 to n, where 1 is most important.
Check Rank
a. Access to skills, knowledge and new technologies [ ]
b. Monitoring the emergence of new technologies and/or markets [ ]
c. Access to complementary resources such as marketing and distribution [ ]
d. Setting standards [ ]
e. Speeding new product development [ ]
f. Product bundling [ ]
g. Access to new markets []
h. Sharing costs and risks [ ]
i. Access to financial capital [ ]
j. Creating or breaking entry barriers for specific markets []
If others, please specify and rank
Q5. What are the costs involved in forming and managing technology alliances? Please
check all that apply and rank them from 1 to n, where I is most important.
Check Rank
a. Costs of transferring technology and expertise [ ]
b. Contractual costs [ ]
c. Geographical distance [ ]
d. Opportunistic behaviors of partners [ ]
e. Conflicting objectives [ ]
f. Loss of autonomy [ ]
If others, please specify and rank
Q6. What factors determined your company's choices between using technology alliances
and carrying out internal development alone? Please check all that apply and rank them from 1
to n, where 1 is most important.
Check Rank
a. Expertise not available in-house [ ]
b. External resources are superior [ ]
c. External parties came with attractive offers [ ]
d. Superior in-house expertise attracts potential partners [ ]
e. Technological complexity [ ]
f. High in-house development costs [ ]
If NONE of all the above, please specify
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Section C: Strategic Alliances
Q7. What factors determined your company's decisions for mergers and acquisitions, if
relevant?
Q8. In your industry segment, what is the average length of product development life cycle
in months?
Length months
Industry Segment
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Appendix B. List of Sampled and Participating Firms
Table B-1. List of Sample Firms in the Data Communications Industry
Founding Year Company Publicl State Location
Private
1 1979 3COM Corp. Public CA
2 1987 ACT Networks, Inc. Public CA
3 1967 ADC Kentrox (unit of ADC Telecommunications from 1989) Public OR
4 1987 Allied Telesyen International Public CA
5 1988 Asante Technologies, Inc. Public CA
6 1988 Ascend Communications. Public CA
7 1885/1925/1983 AT&T*/Lucent Technologies/Information Systems Group Public NJ
8 1983 Banyan Public MA
9 1985 Bay Networks, Inc. (formerly known as SynOptics Communications) Public CA
10 1983 Cabletron Systems, Inc. Public NH
11 1990 Cascade Communications (unit Ascend Communications from 1997) Public MA
12 1984 Cisco Systems, Inc. Public CA
13 1982 Compaq Computer* Public TX
14 1987 Crosscomm Corp. (unit of Olicom USA from 1997) Public MA
15 1968 Datapoint Corp. Public TX
16 1985 Digi International Public MN
17 1957/1976 Digital uipment Corp.* (unit of Compaq1 Public MA
18 1985 Digital Link Corp. Public CA
19 1976 DSC Communications Corp. Public TX
20 1986 Farallon Computing. Inc. (now Netopia. Inc. from November 1997) Public CA
21 1990 Fore Systems. Inc. Public PA
22 1973 Gandalf Technologies, Inc. Public Canada
23 1969 General DataComm Industries, Inc. Public CT/MA
24 1939/1983 Hewlett Packard*/Network Systems Management Division Public CA
25 1971 Hughes Network Systems, Inc. (unit of General Motors Corp.) Public MD
26 1979 Hypercom, Inc. Private AZ
27 1914/1979 IBM*/Networking Hardware Division (Token Ring project) Public NC
28 1968/1979 Intel Corp.*/Networking Division (Ethernet project) OR
29 1974 Interphase Corp. Public TX
30 1970 Larscom, Inc. Public CA
31 1977 Memotec Communications Public Canada
32 1973 Micom Communications Corp. Public CA
33 1980 Microcom. Inc. (unit of Compaq from 1997) Public MA
34 1968 Microdyne Corp. Public VA
35 1975/1984 Microsoft Corp.* Public WA
36 1993 NetEdge Systems, Inc. Private NC
37 1985 Netrix Corp. Public VA
38 1983 Network Equipment Technologies Public CA
39 1989 Network Peripherals, Inc. Public CA
40 1986 Newbridge Networks Public VA
41 1973 Northern Telecom. Inc.*/Enterprise Networks Division Public TX
42 1983 Novell, Inc. Public UT
43 1983 Optical Data Systems Public TX
44 1988 Plaintree Systems Public Canada/MA
45 1972 Proteon, Inc. , Public MA
46 1985 Retix, Inc. Public . CA
47 1985 Shiva Corp. Public MA
48 1991 TyLink Corp. (unit of Sync Research from 1997) Public MA
49 1976 US Robotics, Inc. (unit of 3Com Corp. from 1997) Public IL L
50 1981 Xyplex, Inc. (unit of Whitettaker Corp. from 19%) Public MA
* Companies' main businesses established in the telecommunications and computer industries.
Hence, the founding year of the networking business division is given.
Note: Firms highlighted in bold have participated in the survey.
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Appendix C. Factors and Rankings of Technological Leadership
Table C-1. Success Factors Cited by Participating Firms
No. Factors Contributed to Technological Performance No. Cited
1. Good engineers, bright people 7
2. Time to market 6
3. Customer relations, meeting customer demand for features 6
4. Focusing on market segment, specific areas, niches 5
5. High level of investment in research, R&D budget 3
6. High volume/low costs, cost effectiveness 3
7. Right product right time 2
8. Reliable designs and products 2
9. Understand/appreciate the difference between continuous and discontinuous innovations 2
10. Leadership in OEM business 1
11. Understand re-engineering is a continuous process 1
12. Management support, corporate commitment 1
13. Interactions between engineers and marketing, sales and customers in product cycles 1
14. Impressive service and support 1
15. Quality systems solutions 1
16. State of the art technology 1
17. Good tools 1
18. Depth of experiences in core technology 1
19. Understand specific technical needs 1
20. Next generation thinking 1
21. Fostering atmosphere where innovation is encouraged and rewarded 1
22. Avoiding NIH (not invented here) 1
23. Freedom to be creative 1
24. Ahead of competition 1
25. Early dominance in layer 2 switching 1
26. Participation in international standards committees 1
27. Partnership arrangements 1
28. Acquisitions I
Note: Sample firms were asked to identify the factors that have contributed to the technical success of their
companies in a free format.
57
Table C-2. Frequency of Firms cited as Technological Leaders
by Others
Technological Leaders Rank 1 Rank 2 Rank 3 Total Weighted
Citations Ranking
3Com 1 6 3 10 2.9
Ascend Communications 1 1 3 5 1.4
Banyan Systems 0 0 1 1 0.2
Bay Networks 0 3 2 5 1.3
Cabletron Systems 0 1 0 1 0.3
Cascade Communications 1 2 1 4 1.3
Cisco System 18 1 0 19 9.3
Fore Systems 0 0 2 2 0.4
Hughes Network Systems 0 0 1 1 0.2
Hewlett Packard 0 0 1 1 0.2
Intel 0 0 1 1 0.2
Ipsilon* 1 1 0 2 0.8
Netscape* 0 0 1 1 0.2
Nortel 0 1 0 1 0.3
Novell 0 1 0 1 0.3
Pairgain* 0 0 1 1 0.2
Proteon 0 0 1 1 0.2
Sun* 0 1 0 1 0.3
U.S. Robotics 0 0 2 2 0.4
*These companies are not included in the sample of the study.
Note: Sample firms were asked to rank the top three leaders in the industry.
The weights for rank 1, 2 and 3 are 0.5, 0.3 and 0.2 respectively.
The correlation between weighted rankings and award data from 1991-1996 is
statistically significant at the 5% level.
Table C-3. Descriptive Statistics and Correlation Matrix for Awards and
Citation Ranking
Variable Mean S.D. Min Max 1 2 3 4
1. By-yearly Award 0.40 0.49 0 1 1.00
2. Yearly Technical Award 0.23 0.42 0 1 0.66* 1.00
3. Yearly Choice Award 0.15 0.36 0 1 0.52* 0.57* 1.00
4. Citation Ranking 0.38 1.38 0 9.3 0.24* 0.32* 0.19* 1.00
* p < 0.05; N= 248 obs., 50 firms, 1991-1996
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Table C-4. Vendor Ranking by Regional Bell Operatin Companies (RBOC)
Vendor Routers Remote Access Frame Relay ATM Switches
Ranking Equipment Switches
1 Cisco Ascend Cascade Stratacom (now
Cisco)
2 3Com Cisco NIL NIL
3 Bay Networks U.S. Robotics NIL NIL
4 HP Gandalf NIL NIL
Highly Newbridge NIL Alcatel* Alcatel*
Rated Cabletron Newbridge Cascade
Nortel Fore Systems
Siemens* Newbridge
Stratacom (now
Cisco)
*These companies are not included in the sample of the study.
Note: RBOC were asked to rank the importance of networking vendors.
Source: Caroline Robertson and Lee W Doyle, International Data Corporation (IDC) report, March 1997,
"WAN Equipment Sales into and through Public, Private and Internet Service Providers."
Table C-5. Vendor Revenue Rankings in Worldwide Public Sector (Internet),
1966
Vendor Routers ATM Switches Remote Access Frame Relay
Ranking* EquipmentA Switces
1 Cisco Newbridge Ascend Cisco
2 Bay Network Cisco US Robotic Cascade
3 NIL Nortel Cisco, Nortel Newbridge
4 NIL NIL Bay Networks Nortel
*Ranking are based on worldwide marker share.
AThis category includes remote access server and contractors.
Source: Caroline Robertson and Lee W Doyle, International Data Corporation (IDC) report, March 1997,
"WAN Equipment Sales into and through Public, Private and Internet Service Providers."
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Appendix D. Selected Publications
Table D-1. Selected Publications
Publication Publisher Year Technical Choice Criteria for Selection
Award Award
Communications CMP 1993- Max Awards Product tests conducted on new products
Week Publications, 1996 throughout the year. Awards given to products
Inc. which meet all stringent tests in the lab.
Data McGraw- 1991- Tester's Benchmarking tests conducted on new products
Communication Hill, Inc. 1996 Choice throughout the year.
Awards
Internetwork Cardinal 1995- Standards Technology experts receive a fill-in-the-blank
Media 1996 Achievement ballot with specific categories. They are to vote
Business, Awards; for the companies and technologies that "best
Inc. Editor's exemplify the state-of-the-art, standards-based
Choice networking technologies available today." They
Awards are asked to base their votes on their hands-on
experience, market research and general
industry knowledge.
LAN Magazine Miller 1992- Product of Throughout the year, the editor does extensive
Freeman, 1996 the Year product evaluation and research. They examine
Inc. 1996 Awards and test hundreds of network products. In
addition, they confer with external experts as
well as readers of LAN magazine.
LAN Times McGraw- 1992- Readers' Every years readers are asked to name the
Hill, Inc. 1996 Choice vendors that provide them with the best
Awards networking products. In many of categories, the
votes get split among multiple products from
the same company.
LAN Times McGraw- 1992- Best of 1= Unacceptable (is seriously flawed); 2=Poor
Hill, Inc. 1996 Times (falls short in essential areas); 3=Setifactory
Awards Performs (as expected); 4=Good (meet standard
criteria and includes some special);
5=Excellent (far exceeds expectations).
We multiply the weight by the product's score
for each criterion, sum the result, and divide by
1,000 to come up with a final score between
I and 5. Product that earns a total score of 4.5 or
higher receives an award.
Network CMP 1994- Well- Judgments are not based on product marketing
Computing Publications, 1996 Connected pitches or vendor demos. Awards come from
Inc. Awards publication staff and contributing editor, based
on product testing conducted throughout the
year.
Network CMP 1993- Editor's Based on Editor's evaluation of products
Computing Publications, 1996 Choice through the year.
Inc.
Network VAR Miller 1995- Integrators' The awards are based on votes from the network
Freeman, 1996 Choice VAR community in a number of different
Inc. Awards product and service categories.
PC Magazine Ziff-Davis 1991- Technical A wide spectrum of products found in the
Publishing 1996 Excellent computer industry is covered. Finalist and
company Awards winners are selected for their significant
contributions to the computer industry. A team
of experts spent month debating the merits and
drawbacks of the thousands of product that
passed through the labs during the year.
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Appendix E. Centrality
In social network analysis one of the commonly used measure is centrality, which can
identify the most "important" or "prominent" actors in a social network. According to a review
of social network analysis (Freeman 1978), the idea of centrality as applied to human
communications was introduced by Bavelas at the Group Networks Laboratory at M.I.T. in the
late 1940s. The studies conducted by the research group under the direction of Bavelas found
that centrality was related to group efficiency in problem solving, perception of leadership and
the personal satisfaction of participants (Bavelas 1948; Bavelas & Barrett 1951).
Three types of centrality measures have been used to quantify the prominence of an
individual actor embedded in a network: degree, betweenness and closeness (Freeman 1978;
Wasserman & Faust 1994). Degree centrality of an actor is the simplest measure of the number
of ties (degree) to all other actors (nodes) in a graph. The most central firm is considered to be
the most active actor in the network. Betweenness centrality measures the number of
intermediaries between two nonadjacent actors. These "other intermediate actors" potentially
might have some control over the interactions between the two nonadjacent actors. If an actor
lies between many of the actors via their shortest paths, it is said to have high centrality in the
network.
Closeness centrality measures how central or close an actor is to all other actors. This is
the same as finding minimum distances to all other actors and the idea is that the more central the
firm the lower the cost or time for communicating information to and from all other actors.
Assuming that the shortest (geodesic) distance between two actors is d(ni, n), the sum of the
geodesic distances from actor ni to all other actors nj is given by
g
I d(ni, nj) where j i.
j=l
For example, in a star network with 5 actors connected to a single actor in the center, the
sum of the geodesic distances for the central actor is 5 (1+1+1+1+1) whereas the sum for each of
the 5 other actors is 9 (1+2+2+2+2). The closeness centrality index for actor ni based on
Sabidussi's method (Freeman 1978) is given by
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C(ni) = d(ni, nj)
The closeness centrality index generated in UCINET IV is normalized by dividing the
actor's index by the maximum possible closeness centrality index, i.e. (g-1)-', in the network. The
standardized index ranges between 0 and 1. When the index equals unity, it means the actor is
maximally close to all other actors. When the index equals zero, one or more actors are not
reachable from the actor in question. However, the closeness centrality measure is only
meaningful for a connected graph, i.e. every node is reachable from all other nodes. Otherwise, if
one node is not reachable, then the distance from all other nodes to this specific node is infinitely
long and the distance sum for every actor is . The input to closeness centrality is a symmetric
binary matrix, i.e. when the number of alliances is 1 or greater between two actors, the value will
be 1, otherwise 0.
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